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(54) High-frequency power amplifier 

(57) A high-frequency power amplifier comprises a 
transistor for high-frequency power which operates and 
whose current-voltage characteristics greatly change 
when positive voltage is supplied on its input terminal, 
an input bias circuit, an output bias circuit, an input 
impedance matching circuit, an output impedance 
matching circuit, and a positive voltage generation cir- 
cuit. The positive voltage generation circuit comprises a 
detection circuit which detects part of the high-fre- 
quency power which is entered to or outputted from the 
transistor for high-frequency power, a rectification circuit 
which rectifies the part of the high-frequency power out- 
putted from the detection circuit and outputs pulsating 
positive voltage, and a smoothing circuit which 
smoothes the pulsating positive voltage outputted from 
the rectification circuit and outputs positive voltage. The 
positive voltage generation circuit outputs positive volt- 
age which increases or decreases in accordance with 
an increase or decrease in the detected part of the high- 
frequency power to the input terminal of the input bias 
circuit, without intervention of a direct-current power 
supply. 
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Description 

BACKGROUND OF THE INVENTION 

Trie present invention relates to a high-frequency 
power amplifier, and more specifically to a high-fre- 
quency power amplifier which comprises a transistor for 
high-frequency power, an input bias circuit connected 
with the input terminal of the transistor, an output bias 
circuit connected with the output terminal of the transis- 
tor, an input impedance matching circuit connected with 
the input terminal of the transistor, an output impedance 
matching circuit connected with the output terminal of 
the transistor, and a bias voltage generation circuit for 
generating direct-current bias voltage required in the 
input bias circuit. 

The high-frequency power amplifier is used in the 
transmission unit of mobile communication equipment, 
and has a function to amplify a modulated signal so as 
to have predetermined output power. 

At present, the most common frequencies used for 
portable phones are 1GHz to 2GHz, and the output 
power of the high-frequency power having these fre- 
quencies is about 20dBm to 36dBm. In order to output 
the high-frequency power of this range, a multistage 
high-frequency power amplifier which has two or three 
stages and a gain of about 30dB is usually used. The 
multistage high-frequency power amplifier amplifies a 
modulated wave output of about OdBm so as to have a 
transmission output of about 30dBm. The transmission 
output thus amplified is transmitted as an electric wave 
from the antenna. 

The transistor for high-frequency power used in a 
high-frequency power amplifier can be a MOSFET or a 
bipolar transistor formed on a silicon substrate or a 
MESFET or a heterojunction-including FET formed on a 
compound semiconductor substrate containing a com- 
pound such as gallium-arsenic (GaAs). A general 
method of using such a transistor for high-frequency 
power under the conditions of few distortions and a 
good gain is that a direct-current bias power supply is 
connected with the input and output terminals of the 
transistor, and while the direct- current bias power sup- 
ply is supplying the transistor with a predetermined bias 
current, high-frequency power is entered to the transis- 
tor to start the amplification operation. 

A first conventional high-frequency power amplifier 
having the above-mentioned structure will be described 
as follows with reference to Fig. 15. 

Rg. 15 shows the circuit structure of the first con- 
ventional high-frequency power amplifier. In Rg. 15. Tr a 
and Tr b represent a former-stage transistor for high-fre- 
quency power and a latter-stage transistor for high-fre- 
quency power, respectively, and their source terminals 
are grounded. 

The input terminal (gate terminal) of the former- 
stage transistor Tr a is connected with an input imped- 
ance matching circuit 1 which consists of an inductor L 



and capacitors C. The input impedance matching circuit 
1 matches the impedance of the high-frequency power 
entered from an external input terminal RF jn and the 
input impedance of the former-stage transistor Tr a so as 

5 to reduce the reflection and the loss of the entered high- 
frequency power. 

The input terminal of the former-stage transistor Tr a 
is connected with an end of a first microstrip line S-, hav- 
ing a 1/4 wavelength as a first input bias circuit, while a 

io negative power supply — VGGi is connected with the 
other end of the first microstrip line Si . Through the 
negative power supply — VGG n and the first microstrip 
line S 1t the input terminal of the former-stage transistor 
Tr a is supplied with negative direct-current bias voltage. 

15 The negative power supply — VGGi is connected with a 
bypass capacitor C b1 which suppresses the oscillation 
of high-frequency power, thereby preventing the high- 
frequency power from flowing towards the negative 
power supply — VGG V As the first input bias circuit, the 

20 first microstrip line S-, having a 1/4 wavelength can be 
replaced by a resistance having several K£l 

On the other hand, the output terminal (drain termi- 
nal) of the former-stage transistor Tr a is connected with 
a positive power supply +VDD1 via a second microstrip 

25 line S 2 having a 1/4 wavelength as a first output bias cir- 
cuit, and is supplied positive direct-current bias voltage. 

in the same manner as the former-stage transistor 
Tr a for high-frequency power, the input terminal of the 
latter-stage transistor Tr b for high-frequency power is 

30 connected with a negative power supply — VGG2 via a 
third microstrip line S 3 having a 1/4 wavelength as a 
second input bias circuit, whereas the output terminal is 
connected with a positive power supply +VDD 2 via a 
fourth microstrip line S 4 having a 1/4 wavelength as a 

35 second output bias circuit. 

An interstage impedance matching circuit 2 is con- 
nected between the output terminal of the former-stage 
transistor Tr a and the input terminal of the latter-stage 
transistor Tr^ so as to match the output impedance of 

40 the former-stage transistor Tr a and the input impedance 
of the latter-stage transistor Tr b . The interstage imped- 
ance matching circuit 2 consists of an inductor L and 
capacitors C, like the input impedance matching circuit 
1 . The interstage impedance matching circuit 2, which 

45 performs an impedance matching between the former- 
stage transistor Tr a and the latter-stage transistor Tr b in 
a multistage high-frequency power amplifier which has 
plural transistors for high-frequency power, has a func- 
tion as an output impedance matching circuit for the 

50 former-stage transistor Tr a and a function as an input 
impedance matching circuit for the latter-stage transis- 
tor Tr b 

The output terminal of the latter-stage transistor Tr b 
is connected with an output impedance matching circuit 
55 3, which consists of an inductor L and capacitors C. The 
output impedance matching circuit 3 matches the output 
impedance of the latter-stage transistor Tr b and the 
impedance of the high-frequency power outputted from 
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an externa! output terminal RF cut . 

The first conventional high-frequency power ampli- 
fier amplifies the high-frequency power (a high-fre- 
quency signal) entered from the external input terminal 
RFj n in the former-stage transistor Tr a and the latter- 5 
stage transistor Tr^ and then outputs the amplified high- 
frequency power from the external output terminal 
R F out 

The former-stage and latter-stage transistors Tr a 
and Tr b in the first conventional high-frequency power io 
amplifier have the current-voltage characteristics shown 
in Fig. 16(a). To be more specific, when the gate voltage 
V g is negative, for example — 2V, the drain current l ds 
hardly flows, whereas as the gate voltage V g gets closer 
to 0V t the drain current l ds flows more. Consequently, in 75 
order to reduce the drain current l ds , it is necessary to 
provide a direct-current bias power supply which makes 
the gate voltage Vg about — 1 V to — 1 .5V. 

Therefore, in the first conventional high-frequency 
power amplifier, the direct-current bias voltage of the 20 
former-stage and latter stage transistors Tr a and Tr b is 
set as follows. Each input terminal is connected with a 
negative power supply — VGGi ( — VGG2) having minus 
several volts whereas each output terminal is connected 
with a positive power supply +VDD1 (+VDD 2 ) having 25 
about 6V so that a drain current having a predetermined 
bias current such as 100mA flows by means of these 
negative and positive power supplies. 

However, the first conventional high-frequency 
power amplifier has a drawback concerning its trouble- 30 
some bias current setting as follows. The amplifier 
needs two direct-current bias power supplies: a nega- 
tive power supply — VGG n ( — VGG 2 ), which is a minus 
direct-current bias power supply and a positive power 
supply +VDD-, (+VDD 2 ), which is a plus direct-current 35 
bias power supply. As a result, their structure and the 
peripheral circuits become complicated. In addition, the 
accuracy of the bias voltages of these direct-current 
bias power supplies must be set at 10% or below of the 
pre-determined bias voltage to prevent the impedance 40 
of the transistor Tr a (Tr b ) from changing, so as to secure 
impedance matches and satisfactory distortion charac- 
teristics and gains. 

The first conventional high-frequency power ampli- 
fier has another drawback concerning an increase in the 45 
operating current as follows. The direct-current bias cur- 
rent is made to flow constantly in the amplifier even 
when the output of the high-frequency power is small, 
which increases the power consumption. As shown in 
Fig. 16 (b), the operating current does not decrease so 
very much when the output of the high-frequency power 
decreases. 

In the case of a portable phone, for example, when 
it is far from the base station, the electric wave is sent 
out at the maximum output whereas when it is near the 55 
station, the electric wave is sent out at a low output. As 
a result, the waste of the batteries is avoided, making 
the batteries last longer. However, even when the elec- 



tric wave is sent out with low high-frequency power near 
the base station, as much idle current as is needed for 
the maximum output flows, which consumes the batter- 
ies. 

In view of these drawbacks of the first conventional 
high-frequency power amplifier, a high-frequency power 
amplifier which changes the direct-current bias current 
in accordance with entered high-frequency power has 
been proposed in a thesis on page 1 ,533 in Electronics 
Letters Vol. 32. No. 17. 

The high-frequency power amplifier disclosed in the 
thesis will be described as a second conventional high- 
frequency power amplifier as follows with reference to 
Fig. 1 7. In Fig. 1 7, the same components as those of the 
first conventional high-frequency power amplifier are 
assigned the same reference numbers, and their 
description will be omitted. The input impedance match- 
ing circuit 1 , the interstage impedance matching circuit 
2, and the output impedance matching circuit 3 are 
shown in the form of blocks for the sake of convenience. 
The voltage-current characteristics of the former-stage 
transistor Tr a and the latter-stage transistor Tr b are 
shown in Fig. 1 6(a), in the same manner as those of the 
first conventional high-frequency power amplifier. 

The second conventional high-frequency power 
amplifier, as shown by a chain line in Fig. 1 7. comprises 
a negative bias voltage generation circuit connected 
with the output terminal of the output impedance match- 
ing circuit 3. The negative bias voltage generation circuit 
comprises a detection circuit for high-frequency power 
including a resistance R1 and a diode D 1t and a voltage 
division circuit including a negative direct-current bias 
power supply Vc ( — 5V) and division resistances R 2 , R3. 
and R 4 . The negative bias voltage generation circuit 
detects part of the high-frequency power which is out- 
putted from the output impedance matching circuit 3 at 
a power detection point E, changes the direct-current 
bias voltage which is outputted from the negative direct- 
current bias power supply Vc, based on the detected 
high-frequency power, and outputs the direct-current 
bias voltage to the input terminal of the latter-stage tran- 
sistor Tr b from a negative bias voltage output point D via 
the third microstrip line S 3 . 

According to the above-mentioned structure, when 
the high-frequency power detected at the power detec- 
tion point E is large, the bias voltage which is outputted 
from the negative bias voltage output point D increases 
as high as — 1V, whereas when the high-frequency 
power detected at the power detection point E is small, 
the bias voltage which is outputted from the negative 
bias voltage output point D decreases as low as — 5V. 
This is how the idle current is reduced when the entered 
high-frequency power is small. As a result, as shown in 
Fig. 18, the operating current when the entered high-fre- 
quency power is small becomes lower than that in the 
first conventional high-frequency power amplifier shown 
in Fig. 16(b). 

However, the second conventional high-frequency 
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power amplifier also has a drawback. The peripheral cir- 
cuit has a negative direct-current bias power supply V c , 
and for the negative direct-current bias power supply V c 
to generate negative voltage of around —5V, it is neces- 
sary to provide a negative voltage generation circuit 5 
which generates negative voltage based on the positive 
voltage outputted from the positive power supply 
+VDD 2 . Since the negative voltage generation circuit is 
constantly supplied with a current of 10mA, the second 
conventional high-frequency power amplifier fails to 
reduce the current consumption when the entered high- 
frequency power is small. 

SUMMARY OF THE INVENTION 

In view of the above-mentioned problems, the 
object of the present invention is to provide a high-fre- 
quency power amplifier which reduces the current con- 
sumption to a great extent when entered high-frequency 
power is small. 

In order to achieve the object, in place of a transis- 
tor which operates and whose current-voltage charac- 
teristics greatly change when direct-current negative 
voltage is supplied on the input terminal (refer to Fig. 16 
(a)), the present invention employs a transistor which 
operates and whose current-voltage characteristics 
greatly change when positive voltage is supplied on the 
input terminal (refer to Fig. 13 (a)) as a transistor for 
high-frequency power. The present invention also out- 
puts positive voltage which increases or decreases in 
accordance with an increase or decrease in the 
detected high-frequency power to the input terminal of 
the transistor. 

A first high-frequency power amplifier of the present 
invention comprises: a transistor for high-frequency 
power which operates and whose current-voltage char- 
acteristics greatly change when positive voltage is sup- 
plied on the input terminal of the transistor; an input bias 
circuit connected with the input terminal of the transis- 
tor; an output bias circuit connected with the output ter- 
minal of the transistor; an input impedance matching 
circuit connected with the input terminal of the transis- 
tor; an output impedance matching circuit connected 
with the output terminal of the transistor; and a positive 
voltage generation circuit, wherein the positive voltage 
generation circuit comprises: a detection circuit whose 
input terminal is connected to the input side or the out- 
put side of the transistor and which detects and outputs 
part of high-frequency power to be entered to the tran- 
sistor or to be outputted from the transistor; a rectifica- 
tion circuit whose input terminal is connected with the 
output terminal of the detection circuit and which recti- 
fies the part of the high-frequency power outputted from 
the detection circuit and outputs pulsating positive volt- 
age; and a smoothing circuit whose input terminal is 
connected with the output terminal of the rectification 
circuit and whose output terminal is connected with the 
input terminal of the input bias circuit and which 



smoothes the pulsating positive voltage outputted from 
the rectification circuit and outputs positive voltage. The 
positive voltage generation circuit outputs positive volt- 
age which increases or decreases in accordance with 
an increase or decrease of the part of the high-fre- 
quency power detected by the detection circuit to the 
input terminal of the input bias circuit without interven- 
tion of a direct-current power supply. 

Unlike the second conventional high-frequency 
power amplifier, the first high-frequency power amplifier 
of the present invention does not need to provide a neg- 
ative direct-current bias power supply in the bias voltage 
generation circuit because it includes the transistor for 
high-frequency power which operates and whose cur- 
rent-voltage characteristics greatly change when posi- 
tive voltage is supplied on the input terminal, and also 
includes the positive voltage generation circuit for out- 
putting positive voltage which increases or decreases in 
accordance with an increase or decrease in the 
detected high-frequency power to the input terminal of 
the transistor for high-frequency power via the input bias 
circuit, without intervention of a direct-current power 
supply. Consequently, the negative voltage generation 
circuit for making the negative direct-current bias power 
supply generate negative voltage becomes unneces- 
sary. As a result, when the entered high-frequency 
power is small, the power consumption can be further 
reduced. 

In addition, both the circuit structure of the bias volt- 
age generation circuit and the entire circuit structure are 
simplified because the negative direct-current bias 
power supply and the negative voltage generation cir- 
cuit become unnecessary Consequently, the high-fre- 
quency power amplifier needs less wiring, which results 
in the miniaturisation of the amplifier. 

In the first high-frequency power amplifier, it is pref- 
erable that the input terminal of the detection circuit is 
connected with the input terminal of the input imped- 
ance matching circuit or the output terminal of the out- 
put impedance matching circuit. 

This structure enables the input terminal of the 
detection circuit to be disposed in the vicinity of the 
external input terminal or the external output terminal of 
the high-frequency power amplifier, which facilitates the 
connection in the case where the transistor for the high- 
frequency power, the input bias circuit the output bias 
circuit, the input impedance matching circuit, and output 
impedance matching circuit are mounted on a semicon- 
ductor substrate, and the positive vortage generation 
circuit is mounted on another semiconductor substrate. 

In the first high-frequency power amplifier, it is pref- 
erable that the input terminal of the detection circuit is 
connected with the output terminal of the input imped- 
ance matching circuit or the input terminal of the output 
impedance matching circuit. 

This structure can reduce the influence of providing 
the positive voltage generation circuit on the basic 
amplification circuit. To be more specific, although the 
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input impedance and the output impedance of the tran- 
sistor for high-frequency power is usually far lower than 
50Q, when a resistance having an impedance far larger 
than 50O is used as the detection circuit of the positive 
voltage generation circuit, the transistor for high-fre- 
quency power can be prevented from being badiy 
affected by the difference in the impedance. Conse- 
quently, the design of the input impedance matching cir- 
cuit or the output impedance matching circuit is 
simplified because there is no need of considering the 
influence of the positive voltage generation circuit. 

In the first high-frequency power amplifier, it is prel- 
erable that the input terminal of the detection circuit is 
connected with the output bias circuit. 

This structure makes it possible to ignore the influ- 
ence of providing the positive voltage generation circuit 
on the basic amplification circuit. To be more specific, 
some high-frequency power leaks in the output bias cir- 
cuit and can be used for the detection in the detection 
circuit, so that the basic high-frequency power which 
flows the amplification circuit is not used for the detec- 
tion. As a result, there is no need of considering the 
amount of the high-frequency power which is lost by the 
detection of the high-frequency power. 

In the first high-frequency power amplifier, it is pref- 
erable that the rectification circuit is composed of a pair 
of diodes which are connected in reverse directions and 
in parallel, and outputs double pulsating positive volt- 
age. 

This structure enables the smoothing circuit to 
enter twice as much as voltage, so that the predeter- 
mined positive voltage can be obtained even by halving 
the absolute value of the high-frequency power to be 
detected. Consequently, the high-frequency power 
extracted from the basic amplification circuit can be 
halved, which results in the reduction of the loss of the 
high-frequency power flowing in the basic amplification 
circuit. 

In the first high-frequency power amplifier, it is pref- 
erable that the smoothing circuit comprises a capacitor 
and a variable resistance, and outputs positive voltage 
which changes in accordance with changes in the 
resistance value of the variable resistance. 

According to this structure, even if the current- volt- 
age characteristics of the transistor for high-frequency 
power greatly change when a current starts to flow 
towards the transistor, the resistance value of the varia- 
ble resistance can be adjusted, which can realize a 
high-frequency power amplifier having gains and out- 
puts that are equivalent from each other. 

In the first high-frequency power amplifier, it is pref- 
erable that the transistor is either an N-channel MOS- 
FET, an NPN-type bipolar transistor, an N-channel 
MESFET, or an N-channel heterojunction FET, and has 
current-voltage characteristics which is a property of a 
normaily-off type, an enhance-mode type, or other sim- 
ilar types. 

This structure enables the cur rent- voltage charac- 



teristics of these transistors to be greatly changed by 
supplying positive voltage on their control terminals. 
Consequently, the idle current can be reduced when the 
high-frequency power is small, and can increase in 
5 accordance with an increase in the positive voltage 
entered to the control terminals of these transistors 
when the high-frequency power is large, so that the 
high-frequency power outputted from these transistors 
increases. As a result, it becomes possible to reduce 
10 the operating current when the high-frequency power 
entered to the high-frequency power amplifier is small, 
and to increase the high-frequency power outputted 
from the high-frequency power amplifier when large 
high-frequency power is entered thereto. 
15 In the first high-frequency power amplifier, it is pref- 
erable that the transistor, the input bias circuit, the out- 
put bias circuit, the input impedance matching circuit, 
the output impedance matching circuit and the positive 
voltage generation circuit are formed on the same sem- 
20 iconductor substrate. 

This structure realizes a microwave monolithic inte- 
grated circuit (MMIC) in a chip having several-millimeter 
sides by using a gallium-arsenic (GaAs) substrate as a 
semiconductor substrate. Consequently, positive volt- 
25 age can be generated on the semiconductor substrate, 
without drawing the input bias circuit of the transistor for 
high-frequency power out from the chip. In addition, 
when the semiconductor substrate is put in a resin 
package, it becomes unnecessary to draw the lead ter- 
se? minals of the input bias circuit out, which can reduce the 
number of the lead terminals As a result, a high-fre- 
quency power amplifier which is small and requires no 
setting of the input bias circuit can be realized. 

In the first high-frequency power amplifier, it is pref- 
35 erabie that the transistor, the input bias circuit, the out- 
put bias circuit, the input impedance matching circuit, 
and the output impedance matching circuit are formed 
on the same semiconductor substrate. 

This structure enables a high-frequency power 
40 amplifier having the existing MMIC to be provided with 
the positive voltage generation circuit from outside, 
which can simplify the input bias circuit and miniaturize 
the entire size of the high-frequency power amplifier. 
A second high-frequency power amplifier of the 
45 present invention comprises: a former-stage transistor 
for high-frequency power which operates and whose 
current-voltage characteristics greatly change when 
positive voltage is supplied on an input terminal of the 
former-stage transistor; a first input bias circuit con- 
so nected with the input terminal of the former-stage tran- 
sistor; a first output bias circuit connected with the 
output terminal of the former-stage transistor; a first 
input impedance matching circuit connected with the 
input terminal of the former-stage transistor; a first out- 
55 put impedance matching circuit connected with the out- 
put terminal of the former-stage transistor; a latter-stage 
transistor for high-frequency power which operates and 
whose current-voltage characteristics greatly change 
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when positive voltage is supplied on the input terminal 
of the a latter-stage transistor; a second input bias cir- 
cuit connected with the input terminal of the latter-stage 
transistor; a second output bias circuit connected with 
the output terminal of the latter-stage transistor; a sec- 5 
ond input impedance matching circuit connected with 
the input terminal of the latter-stage transistor; a second 
output impedance matching circuit connected with the 
output terminal of the latter-stage transistor; and a pos- 
itive voltage generation circuit, wherein the positive volt- 10 
age generation circuit comprises: a detection circuit 
whose input terminal is connected to the input side or 
the output side of the latter-stage transistor and which 
detects and outputs part of high-frequency power to be 
entered to the latter-stage transistor or to be outputted 15 
from the latter-stage transistor; a rectification circuit 
whose input terminal is connected with the output termi- 
nal of the detection circuit and which rectifies the part of 
the high-frequency power outputted from the detection 
circuit and outputs pulsating positive voltage; and a 20 
smoothing circuit whose input terminal is connected 
with the output terminal of the rectification circuit and 
whose output terminal is connected with each input ter- 
minal of the first input bias circuit and the second input 
bias circuit, and which smoothes the pulsating positive 25 
voltage outputted from the rectification circuit and out- 
puts positive voltage. The positive voltage generation 
circuit outputs positive voltage which increases or 
decreases in accordance with an increase or decrease 
in the part of the high-frequency power detected by the 30 
detection circuit to each input terminal of the first input 
bias circuit and the second input bias circuit without 
intervention of a direct-current power supply. 

According to the second high-frequency power 
amplifier of the present invention, the positive voltage, 35 
which increases or decreases in accordance with an 
increase or decrease in the detected high-frequency 
power, is entered to each input terminal of the former- 
stage and latter-stage transistors for high-frequency 
power from the positive voltage generation circuit. As a 40 
result, when the entered high-frequency power is small, 
the total current consumption can be greatly reduced. 

Furthermore, unlike the second conventional high- 
frequency power amplifier and similar to the first high- 
frequency power amplifier of the present invention, the 45 
second high-frequency power amplifier of the present 
invention does not need to provide a negative direct- 
current bias power supply in the bias voltage generation 
circuit. Consequently, the negative voltage generation 
circuit for making the negative direct-current bias power so 
supply generate negative voltage becomes unneces- 
sary. As a result, when the entered high-frequency 
power is small, the power consumption can be further 
reduced. 

Furthermore, similar to the first high-frequency 55 
power amplifier of the present invention, both the circuit 
structure of the negative voltage generation circuit and 
the entire circuit structure are simplified because the 



negative direct-current bias power supply and the bias 
voltage generation circuit become unnecessary. Conse- 
quently, the high-frequency power amplifier needs less 
wiring, which results in the miniaturization of the ampli- 
fier. 

In the second high-frequency power amplifier, it is 
preferable that the rectification circuit is composed of a 
pair of diodes which are connected in reverse directions 
and in parallel, and outputs double pulsating positive 
voltage. 

Tnis structure enables the smoothing circuit to 
enter twice as much as voltage, so that the predeter- 
mined positive voltage can be obtained even by halving 
the absolute value of the high-frequency power to be 
detected. Consequently, the high-frequency power 
extracted from the basic amplification circuit can be 
halved, which results in the reduction of the loss of the 
high-frequency power flowing in the basic amplification 
circuit. 

In the second high-frequency power amplifier, it is 
preferable that the smoothing circuit comprises a volt- 
age division circuit which divides positive voltage into 
first positive voltage and second positive voltage, and 
outputs the f irst positive voltage and the second positive 
voltage to the input terminal of the first input bias circuit 
and the input terminal of the second input bias circuit, 
respectively. 

This structure makes it possible to supply the 
former-stage transistor and the latter-stage transistor 
with different input bias voltages from each other, even 
if there is a difference in current-voltage characteristics 
between these transistors. Consequently, the idle cur- 
rents of these transistors can be adjusted separately in 
accordance with the high-frequency power, which fur- 
ther reduces the idle current. 

In the second high-frequency power amplifier, it is 
preferable that the voltage division circuit is composed 
of a plurality of division resistances including at least 
one variable resistance, and outputs the first positive 
voltage or the second positive voltage which changes in 
accordance with changes in a resistance value of the at 
least one variable resistance. 

According to this structure, even if the current-volt- 
age characteristics of the former-stage and latter-stage 
transistors for high-frequency power greatly change 
when a current starts to flow towards these transistors, 
the resistance value of the variable resistance can be 
adjusted, which can realize a high-frequency power 
amplifier having gains and outputs that are equivalent 
from each other. 

In the second high-frequency power amplifier, it is 
preferable that each of the former-stage transistor and 
the latter-stage transistor is either an N-channel MOS- 
FET, an NPN-type bipolar transistor, an N-channel 
MESFET. or an N-channel heterojunction FET, and has 
current-voltage characteristics which is a property of a 
normally-off type, an enhance-mode type, or other sim- 
ilar types. 
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According to this structure, similar to the first high- 
frequency pov/er amplifier of the present invention, it 
becomes possible to reduce the operating current when 
the high-frequency power entered to the high-frequency 
power amplifier is small, and to increase the high-fre- 5 
quency power outputted from the high-frequency power 
amplifier when large high-frequency power is entered 
thereto. 

In the second high-frequency power amplifier, it is 
preferable that the former-stage transistor, the first input 10 
bias circuit, the first output bias circuit, the first input 
impedance matching circuit, the first output impedance 
matching circuit, the latter-stage transistor, the second 
input bias circuit, the second output bias circuit, the sec- 
ond input impedance matching circuit, the second out- is 
put impedance matching circuit, and the positive voltage 
generation circuit are formed on the same semiconduc- 
tor substrate. 

Similar to thef irst high-frequency power amplifier of 
the present invention, this structure enables positive 20 
voltage to be generated on the semiconductor sub- 
strate, without drawing the input bias circuit of the tran- 
sistor for high-frequency power out from the chip. In 
addition, when the semiconductor substrate is put in a 
resin package, it becomes unnecessary to draw the 25 
lead terminals of the input bias circuit out, which can 
reduce the number of the lead terminals. As a result, a 
high-frequency power amplifier which is small and 
requires no setting of the input bias circuit can be real- 
ized. 30 

In the second high-frequency power amplifier, it is 
preferable that the former-stage transistor, the first input 
bias circuit, the first output bias circuit, the first input 
impedance matching circuit, the first output impedance 
matching circuit, the latter-stage transistor, the second 35 
input bias circuit, the second output bias circuit, the sec- 
ond input impedance matching circuit, and the second 
output impedance matching circuit are formed on the 
same semiconductor substrate. 

Similar to thef irst high-frequency power amplifier of 40 
the present invention, this structure can simplify the 
input bias circuit and miniaturize the entire high-fre- 
quency power amplifier. 

BRIEF DESCRIPTION OF THE DRAWINGS 45 

Fig. 1 shows the circuit diagram of the high-fre- 
quency power amplifier of a first embodiment of the 
present invention, which details a positive voltage gen- 
eration circuit. 50 

Fig. 2 shows the circuit diagram of the high-fre- 
quency power amplifier of the first embodiment of the 
present invention, which shows the positive voltage 
generation circuit in the form of a block 

Fig. 3 shows the circuit diagram of the high-fre- si 
quency power amplifier of a second embodiment of the 
present invention. 

Fig. 4 shows the circuit diagram of the high-fre- 



quency power amplifier of a third embodiment of the 
present invention. 

Fig. 5 shows the circuit diagram of the high-fre- 
quency power amplifier of a fourth embodiment of the 
present invention. 

Rg. 6 shows the circuit diagram of the high-fre- 
quency power amplifier of a fifth embodiment of the 
present invention. 

Rg. 7 shows the circuit diagram of the high-fre- 
quency power amplifier of a sixth embodiment of the 
present invention. 

Rg. 8 shows the circuit diagram of the high-fre- 
quency power amplifier of a seventh embodiment of the 
present invention. 

Rg. 9 shows the circuit diagram of the high-fre- 
quency power amplifier of an eighth embodiment of the 
present invention. 

Rg. 10 shows the circuit diagram of the high-fre- 
quency power amplifier of a ninth embodiment of the 
present invention. 

Rg. 1 1 shows the circuit diagram of the high-fre- 
quency power amplifier of a tenth embodiment of the 
present invention, which consists of an MMIC. 

Rg. 12 shows the circuit diagram of the high-fre- 
quency power amplifier of an eleventh embodiment of 
the present invention, which is consists of an MMIC. 

Rg. 13 (a) shows the current-voltage characteris- 
tics of a transistor for high-frequency power in the high- 
frequency power amplifier of each embodiment of the 
present invention, and Fig. 13 (b) shows the input-out- 
put characteristics of the high-frequency power and the 
operating current of the latter-stage transistor for high- 
frequency power in the high-frequency power amplifier 
of the first embodiment of the present invention. 

Rg. 1 4 shows the input-output characteristics of the 
high-frequency power and the total operating currents 
of the former-stage and latter-stage transistors for high- 
frequency power in the high-frequency power amplifier 
of the sixth embodiment of the present invention. 

Rg. 1 5 shows the circuit diagram of a first conven- 
tional high-frequency power amplifier. 

Rg. 16 (a) shows the current-voltage characteris- 
tics of a transistor for high-frequency power in the first 
conventional high-frequency power amplifier, and Fig. 
16 (b) shows the input-output characteristics of the 
high-frequency power and the operating current of the 
latter-stage transistor for high-frequency power in the 
first conventional high-frequency power amplifier. 

Rg. 17 shows the circuit diagram of a second con- 
ventional high-frequency power amplifier. 

Rg. 1 8 shows the input-output characteristics of the 
high-frequency power and the operating current of the 
latter-stage transistor for high-frequency power in the 
second conventional high-frequency power amplifier. 

DETAILED DESCRIPTION OF THE INVENTION 

The high-frequency power amplifier of each 
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embodiment of the present invention will be described 
as follows with reference to the drawings. 

(EMBODIMENT 1) 

The high-frequency power amplifier of a first 
embodiment of the present invention will be described 
as follows with reference to Figs. 1.2,13 (a), and 1 3 (b). 
Figs. 1 and 2 each shows the circuit structure of the 
high-frequency power amplifier of the first embodiment: 
Fig. 1 shows a circuit diagram which details a positive 
voltage generation circuit 4, and Fig. 2 shows a circuit 
diagram where the positive voltage generation circuit 4 
is shown in the form of a block. Fig. 13 (a) shows the 
current-voltage characteristics of the former-stage and 
latter-stage transistors for high-frequency power, and 
Fig. 13 (b) shows the power consumption of the high- 
frequency power amplifier of the first embodiment. In 
Figs. 1 and 2, the same components as those of the first 
conventional high-frequency power amplifier will be 
assigned the same reference numbers, and their 
description will be omitted. 

As shown in Fig. 13 (a), in the former-stage transis- 
tor Tr-| for high-frequency power and the latter-stage 
transistor Tr 2 for high-frequency power in the first 
embodiment, the current -voltage characteristics greatly 
change when positive voltage is supplied on the input 
terminal, which is a property of a normally-off type, an 
enhance-mode type, or other similar types. This prop- 
erty indicates that no or slight current flows when the 
voltage to be supplied on the input terminal is close to 
OV, whereas more and more current flows as the voltage 
to be supplied on the input terminal grows towards the 
positive voltage from around OV. To be more specif ic, 
each of the transistors Tr 1 and Tr 2 is composed of an N 
channel MOSFET, an NPN-type bipolar transistor, an N- 
channel MESFET, or an N-channel heterojunction FET. 

As shown in Fig. 1. the high-frequency power 
amplifier of the first embodiment comprises the former- 
stage transistor T^ for high-frequency power, a latter- 
stage transistor Tr 2 for high-frequency power, a first 
microstrip line having a 1/4 wavelength as a first 
input bias circuit connected with the input terminal of the 
former-stage transistor Tr 1 , a second microstrip line S 2 
having a 1/4 wavelength as a first output bias circuit 
connected with the output terminal of the former-stage 
transistor Tr n a third microstrip line S3 having a 1/4 
wavelength as a second input bias circuit connected 
with the input terminal of the latter-stage transistor Tr 2 , 
a fourth microstrip line S 4 having a 1/4 wavelength as a 
second output bias circuit connected with the output ter- 
minal of the latter-stage transistor Tr 2 an input imped- 
ance matching circuit 1 connected with the input 
terminal of the former-stage transistor Tr 1t an interstage 
impedance matching circuit 2 connected between the 
output terminal of the former-stage transistor Tr., and 
the output terminal of the latter-stage transistor Tr 2? and 
an output impedance matching circuit 3 connected with 



the output terminal of the latter-stage transistor Tr 2 The 
interstage impedance matching circuit 2, which per- 
forms an impedance matching between the former- 
stage transistor T^ and the latter-stage transistor Tr 2 in 
5 a multistage high-frequency power amplifier having two 
transistors for high-frequency power, has a function as 
an output impedance matching circuit for the former- 
stage transistor Tr-j and a function as an input imped- 
ance matching circuit for the latter-stage transistor Tr 2 
70 As a feature of the first embodiment, a positive volt- 
age generation circuit 4 is provided which generates 
positive voltage that increases or decreases in accord- 
ance with an increase or decrease in the entered high- 
frequency power, and whose input unit and output unit 
15 are provided with a power detection point A and a posi- 
tive voltage output point B, respectively. 
As shown in Fig. 1 , the positive voltage generation cir- 
cuit 4 comprises a resistance R-j 1 (a detection circuit) 
which detects part of the entered high-frequency power, 
20 a capacitor C 12 which eliminates a direct-current com- 
ponent from the detected high-frequency power and 
outputs minute high-frequency power, a diode D-,-1 (a 
rectification circuit) which rectifies the minute high-fre- 
quency power outputted from the diode -j and outputs 
25 pulsating positive voltage, and a capacitor C-n and a 
resistance R 12 (a smoothing circuit) which smooth the 
pulsating positive voltage outputted from the diode 
and output positive voltage. As apparent from Fig. 1 . the 
positive voltage generation circuit 4 does not have a 
30 negative direct-current bias power supply. 

The detection circuit for detecting part of the 
entered high-frequency power corresponds to the 
resistance ^ in the first embodiment; however, it can 
be composed of either a diode only or a diode and a 
35 resistance which are connected in series. A capacitor 
C 13 is provided in order to reduce the high-frequency 
noise of the positive voltage. 

As another feature of the first embodiment, the 
power detection point A and the positive voltage output 
40 point B in the positive voltage generation circuit 4 are 
connected with the output terminal of the output imped- 
ance matching circuit 3 and the input terminal of the 
third microstrip line S 3 (the first input bias circuit), 
respectively. Thus, the positive voltage generation cir- 
45 cuit 4 detects part of the high-frequency power output- 
ted from the output impedance matching circuit 3, 
outputs positive voltage which increases or decreases 
in accordance with an increase or decrease in the 
detected high-frequency power to the input terminal of 
so the latter-stage transistor Tr 2 via the third microstrip line 
S3- 

Consequently. according to the first embodiment, 
the input terminal of the latter-stage transistor Tr 2 for 
high-frequency power is supplied high positive voltage 
55 when the high-frequency power outputted from the out- 
put impedance matching circuit 3 is large, and is sup- 
plied low positive voltage when the high-frequency 
power outputted from the output impedance matching 
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circuit 3 is small. 

In addition, since the positive voltage generation 
circuit 4 does not have a negative direct-current bias 
power supply, a negative voltage generation circuit for 
generating negative voltage based en the positive volt- 
age outputted from the positive power supply +VDD 2 
becomes unnecessary. 

Fig. 13 (b) shows the input-output characteristics 
(P out ) of the high-frequency power of the high-frequency 
power amplifier and the operating current of the latter- 
stage transistor Tr 2 for high-frequency power. As shown 
in Fig. 13 (b), the operating current decreases as the 
outputted high-frequency power becomes small. 

Also according to the first embodiment, the circuit 
structure is simplified because the power detection 
point A in the positive voltage generation circuit 4 is con- 
nected with the output terminal of the output impedance 
matching circuit 3. However, since the output imped- 
ance matching circuit 3 increases the impedance of the 
high-frequency power as high as 500, the entire circuit 
structure must be designed by taking the influence of 
providing the positive voltage generation circuit 4 into 
account. 

(EMBODIMENT 2) 

The high-frequency power amplifier of a second 
embodiment of the present invention will be described 
as follows with reference to Fig. 3. Fig. 3 shows the cir- 
cuit structure of the high-frequency power amplifier of 
the second embodiment, where the same components 
as those of the first conventional high-frequency power 
amplifier shown in Fig. 15 or as those of the first embod- 
iment shown in Fig. 1 are assigned the same reference 
numbers, and their description will be omitted. 

As a feature of the second embodiment, the power 
detection point A and the positive voltage output point B 
in the positive voltage generation circuit 4 are con- 
nected with the output terminal of the latter-stage tran- 
sistor Tr 2 for high-frequency power and the input 
terminal of the third microstrip line S 3 , respectively. 

Consequently, the positive voltage generation cir- 
cuit 4 detects part of the high-frequency power output- 
ted from the former-stage transistor Tr-, for high- 
frequency power, and outputs positive voltage which 
increases or decreases in accordance with an increase 
or decrease in the detected high-frequency power to the 
input terminal of the latter-stage transistor Tr 2 via the 
third microstrip line S3. 

Thus, according to the second embodiment, the 
input terminal of the latter-stage transistor Tr 2 for high- 
frequency power is supplied high positive voltage and 
low positive voltage when the high-frequency power 
outputted from the latter-stage transistor Tr 2 is large and 
small, respectively. 

As another feature of the second embodiment, 
since the power detection point A in the positive voltage 
generation circuit 4 is connected with the output termi- 



nal of the latter-stage transistor Tr 2 for high-frequency 
power, the entered high-frequency power has a lower 
impedance than in the first embodiment. As a result, 
there is no need of considering the influence of the 
5 impedance in designing the high-frequency power 
amplifier. 

(EMBODIMENT 3) 

10 The high-frequency power amplifier of a third 
embodiment of the present invention will be described 
as follows with reference to Fig. 4. Fig. 4 shows the cir- 
cuit structure of the high-frequency power amplifier of 
the third embodiment, where the same components as 

15 those of the first conventional high-frequency power 
amplifier shown in Fig. 1 5 or as those of the first embod- 
iment shown in Fig. 1 are assigned the same reference 
numbers, and their description will be omitted. 

As a feature of the third embodiment, the power 

20 detection point A in the positive voltage generation cir- 
cuit 4 is disposed between the output terminal of the 
interstage impedance matching circuit 2 and the input 
terminal of the latter-stage transistor Tr 2 for high-fre- 
quency power, whereas the positive voltage output point 

25 B is connected with the input terminal of the third micro- 
strip line S 3 

Consequently, the positive voltage generation cir- 
cuit 4 detects part of the high-frequency power output- 
ted from the latter-stage transistor Tr 2 for high- 

30 frequency power, and outputs positive voltage which 
increases or decreases in accordance with an increase 
or decrease in the detected high-frequency power to the 
input terminal of the latter-stage transistor Tr 2 via the 
third microstrip line S 3 . In Fig. 4, represents a 

35 capacitor for eliminating a direct-current component 
from the high-frequency power outputted from the inter- 
stage impedance matching circuit 2. 

Thus, according to the third embodiment, the input 
terminal of the latter-stage transistor Tr 2 for high-fre- 

40 quency power is supplied high positive voltage and low 
positive voltage when the high-frequency power output- 
ted from the latter-stage transistor Tr 2 is large and small, 
respectively. 

45 (EMBODIMENT 4) 

The high-frequency power amplifier of a fourth 
embodiment of the present invention will be described 
as follows with reference to Fig. 5. Fig. 5 shows the cir- 

50 cuit structure of the high-frequency power amplifier of 
the fourth embodiment, where the same components as 
those of the first conventional high-frequency power 
amplifier shown in Fig. 1 5 or as those of the first embod- 
iment shown in Fig. 1 are assigned the same reference 

55- numbers, and their description will be omitted. 

As a feature of the fourth embodiment, the power 
detection point A in the positive voltage generation cir- 
cuit 4 is disposed between the output terminal of the 
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former-stage transistor Tr, for high-frequency power 
and the input terminal of the interstage impedance 
matching circuit 2, whereas the positive voltage output 
point B is connected with the input terminal of the third 
microstrip line S 3 s 

Consequently, the positive voltage generation cir- 
cuit 4 detects part of the high-frequency power output- 
ted from the latter-stage transistor Tr 2 for high- 
frequency power, and outputs positive voltage which 
increases or decreases in accordance with an increase io 
or decrease in the detected high-frequency power to the 
input terminal of the latter-stage transistor Tr 2 via the 
third microstrip line S3. 

Thus, according to the fourth embodiment, the input 
terminal of the latter-stage transistor Tr 2 for high-fre- is 
quency power is supplied high positive voltage and low 
positive voltage when the high-frequency power output- 
ted from the latter-stage transistor Tr 2 is large and small, 
respectively. 

20 

(EMBODIMENT 5) 

The high-frequency power amplifier of a fifth 
embodiment of the present invention will be described 
as follows with reference to Fig. 6. Fig. 6 shows the cir- 25 
curt structure of the high-frequency power amplifier of 
the fifth embodiment, where the same components as 
those of the first conventional high-frequency power 
amplifier shown in Fig. 15 or as those of the first embod- 
iment shown in Fig. 1 are assigned the same reference 30 
numbers, and their description will be omitted. 

As a feature of the fifth embodiment, the power 
detection point A in the positive voltage generation cir- 
cuit 4 is connected between two division microstrip lines 
$4a and s 4b. which compose the fourth microstrip line 35 
S 4 connected with the output terminal of the latter-stage 
transistor Tr 2 , whereas the positive voltage output point 
B is connected with the input terminal ol the third micro- 
strip line S 3 . 

Consequently, the positive voltage generation cir- 40 
cuit 4 detects part of the high-frequency power output- 
ted from the latter-stage transistor Tr 2 for high- 
frequency power, and outputs positive voltage which 
increases or decreases in accordance with an increase 
or decrease in the detected high-frequency power to the 45 
input terminal of the latter-stage transistor Tr 2 via the 
third microstrip line S3. 

Thus, according to the fifth embodiment, the input 
terminal of the latter-stage transistor Tr 2 for high-fre- 
quency power is supplied high positive voltage or low so 
positive voltage when the high-frequency power output- 
ted from the latter-stage transistor Tr 2 is large or small, 
respectively. 

Another feature of the fifth embodiment, the power 
detection point A is connected to the middle of the 55 
fourth microstrip line S 4 as the fourth output bias circuit, 
that is, the power detection point A detects part of the 
high-frequency power which leaks in the fourth output 



bias circuit. Consequently, there is no need of consider- 
ing the amount of the high-frequency power that is lost 
due to the detection, which can simplify the design of 
the basic amplification circuit. 

(EMBODIMENT 6) 

The high-frequency power amplifier of a sixth 
embodiment of the present invention will be described 
as follows with reference to Fig. 7. Fig. 7 shows the cir- 
cuit structure of the high-frequency power amplifier of 
the sixth embodiment, where the same components as 
those of the first conventional high-frequency power 
amplifier shown in Fig. 1 5 or as those of the first embod- 
iment shown in Fig. 1 are assigned the same reference 
numbers, and their description will be omitted. 

As a feature of the sixth embodiment, the power 
detection point A in the positive voltage generation cir- 
cuit 4 is connected with the output terminal of the output 
impedance matching circuit 3, whereas the positive volt- 
age output point B is connected with each input terminal 
of the first microstrip line and the third microstrip line 

Consequently, the positive voltage generation cir- 
cuit 4 detects part of the high-frequency power output - 
ted from the output impedance matching circuit 3, and 
outputs positive voltage which increases or decreases 
in accordance with an increase or decrease in the 
detected high-frequency power to the input terminal of 
the former-stage transistor Tr-, via the first microstrip line 
S 1 and to the input terminal of the latter-stage transistor 
Tr 2 via the third microstrip line S 3 . 

Thus, according to the sixth embodiment, each 
input terminal of the former-stage and latter-stage tran- 
sistors Tr 1 and Tr 2 for high-frequency power is supplied 
high positive voltage or low positive voltage when the 
high-frequency power outputted from the output imped- 
ance matching circuit 3 is large or small, respectively. 
As a result, the former-stage and latter-stage transistors 
Tr 1 and Tr 2 for high-frequency power have less idle cur- 
rent. 

Fig. 14 shows the input-output characteristics (P out ) 
of the high-frequency power and the total operating cur- 
rents of the former-stage and latter-stage transistors Tr-, 
and Tr 2 for high-frequency power in the high-frequency 
power amplifier of the sixth embodiment. As shown in 
Fig. 14, as the outputted high-frequency power 
becomes small, the total current consumption is greatly 
reduced. 

(EMBODIMENT 7) 

The high-frequency power amplifier of a seventh 
embodiment of the present invention will be described 
as follows with reference to Fig. 8. Fig. 8 shows the cir- 
cuit structure of the high-frequency power amplifier of 
the seventh embodiment, where the same components 
as those of the first conventional high-frequency power 
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amplifier shown in Fig. 15 or as those of the first embod- 
iment shown in Fig. 1 are assigned the same reference 
numbers, and their description will be omitted. 

As a feature of the seventh embodiment, a two-out- 
put positive voltage generation circuit 5 is provided 5 
which generates positive voltage that increases or 
decreases in accordance with an increase or decrease 
in the entered high-frequency power. The input unit of 
the two-output positive voltage generation circuit 5 is 
provided with a power detection point A, and the output io 
unit is provided with a first positive voltage output point 
Bi and a second positive voltage output point B2. As 
shown in Fig. 8, the two-output positive voltage genera- 
tion circuit 5 comprises a resistance R-j ^ (a detection 
circuit) which detects part of the entered high-frequency 15 
power, a capacitor C 12 which eliminates a direct-current 
component from the detected high-frequency power 
and outputs minute high-frequency power, a diode 
(a rectification circuit) which rectifies the minute high- 
frequency power outputted from the capacitor C 12 and 20 
outputs pulsating positive voltage, and a capacitor 
and first and second division resistances R 13 and R 14 (a 
smoothing circuit) which smooth the pulsating positive 
voltage outputted from the diode D-, -, and output positive 
voltage. As apparent from Fig. 8, the two-output positive 25 
voltage generation circuit 5 does not have a negative 
direct-current bias power supply. 

As another feature of the seventh embodiment, the 
power detection point A in the two-output positive volt- 
age generation circuit 5 is connected with the output ter- 30 
minal of the output impedance matching circuit 3. 
whereas the first positive voltage output point B-, and 
the second positive voltage output point B2 are con- 
nected with each input terminal of the first microstrip 
line St and the third microstrip line S 3 , respectively. 35 

Consequently, the two-output positive voltage gen- 
eration circuit 5 detects part of the high-frequency 
power outputted from the output impedance matching 
circuit 3, and outputs positive voltage which increases 
or decreases in accordance with an increase or 40 
decrease in the detected high-frequency power to the 
input terminal of the former-stage transistor Tr-j via the 
first microstrip line S t and to the input terminal of the lat- 
ter-stage transistor Tr 2 via the third microstrip line S 3 . 

Since the resistance of the smoothing circuit is 45 
composed of the first division resistance R 13 and the 
second division resistance R 14 , it becomes possible to 
output comparatively small positive voltage to the input 
terminal of the former-stage transistor Tr-, , and compar- 
atively large positive voltage to the input terminal of the so 
latter-stage transistor Tr 2 . 

Thus, according to the seventh embodiment, even if 
there is a difference in current-voltage characteristics 
between the former-stage transistor Tr n for high-fre- 
quency power and the latter-stage transistor Tr 2 for 55 
high-frequency power, the operating current can be 
reduced without fail when the outputted high-frequency 
power is small. 



(EMBODIMENT 8) 

The high-frequency power amplifier of an eighth 
embodiment of the present invention will be described 
as follows with reference to Fig. 9. Fig. 9 shows the cir- 
cuit structure of the high-frequency power amplifier of 
the eighth embodiment, where the same components 
as those of the first conventional high-frequency power 
amplifier shown in Fig. 15 or as those of the first embod- 
iment shown in Fig. 1 are assigned the same reference 
numbers, and their description will be omitted. 

As a feature of the eighth embodiment, a double 
positive voltage generation circuit 6 is provided which 
generates positive voltage that increases or decreases 
in accordance with an increase or decrease in the 
entered high-frequency power. The input unit of the 
double positive voltage generation circuit 6 is provided 
with a power detection point A, and the output unit is 
provided with a positive voltage output point B. As 
shown in Fig. 9, the double positive voltage generation 
circuit 6 comprises a resistance j (a detection circuit) 
which detects part of the entered high-frequency power, 
a capacitor C 12 which eliminates a direct-current com- 
ponent from the detected high-frequency power and 
outputs minute high-frequency power, a first diode D n 
and a second diode D 12 (a double voltage rectification 
circuit) which rectify the minute high-frequency power 
outputted from the capacitor C 12 and output pulsating 
positive voltage, and a capacitor C-n and a resistance 
R 12 (a smoothing circuit) which smooth the pulsating 
positive voltage outputted from the first and second 
diodes and D 12 and output double positive voltage. 
As apparent from Fig. 9, the double positive voltage 
generation circuit 6 does not have a negative direct-cur- 
rent bias power supply. 

Although the rectification circuit in the positive volt- 
age generation circuit 4 or the two-output positive volt- 
age generation circuit 5 performs half -wave rectification, 
the double voltage rectification circuit 6 in the eighth 
embodiment performs full-wave rectification. Conse- 
quently, the voltage generated on both ends of the 
resistance R 12 can be doubled, and accordingly, the 
absolute value of the high-frequency power required to 
generate predetermined positive voltage can be halved. 
Thus, the high-frequency power extracted at the power 
detection point A can be reduced, which leads to a 
decrease in the loss of the high-frequency power. For 
example, the power detection point A requires high-fre- 
quency power of 10dBm in the positive voltage genera- 
tion circuit 4 and the two-output positive voltage 
generation circuit 5; however, the high-frequency power 
to be required is only 7dBm in the double positive volt- 
age generation circuit 6. 

(EMBODIMENT 9) 

The high-frequency power amplifier of a ninth 
embodiment of the present invention will be described 
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as follows with reference to Fig. 10. Fig. 10 shows the 
circuit structure of the high-frequency power amplifier of 
the ninth embodiment, where the same components as 
thos^ of the first conventional high-frequency power 
arm.' *^er shown in Fig. 15 or as those of the first embod- 
iment shown in Fig. 1 are assigned the same reference 
numbers, and their description will be omitted. 

As a feature of the ninth embodiment, a variable 
positive voltage generation circuit 7 is provided which 
generates positive voltage that increases or decreases 
in accordance with an increase or decrease in the 
entered high-frequency power. The input unit and the 
output unit of the variable positive voltage generation 
circuit 7 are provided with a power detection point A and 
a positive voltage output point B, respectively. As shown 
in Fig. 10, the variable positive voltage generation circuit 
7 comprises a resistance R-j t (a detection circuit) which 
detects part of the entered high-frequency power, a 
capacitor C 12 which eliminates a direct-current compo- 
nent from the detected high-frequency power and out- 
puts minute high-frequency power, a diode D in (a 
rectification circuit) which rectifies the minute high-fre- 
quency power outputted from the capacitor C 12 and out- 
puts pulsating positive voltage, and a capacitor C-n, an 
invariable division resistance R-| 3 and a variable division 
resistance R 15 (a smoothing circuit) which smooth the 
pulsating positive voltage outputted from the diode D-n 
and output positive voltage. As apparent from Fig. 10, 
the variable positive voltage generation circuit 7 does 
not have a negative direct-current bias power supply. 

According to the ninth embodiment, the variable 
division resistance R 15 can control the positive voltage 
to be outputted to the input terminal of the latter-stage 
transistor Tr 2 for high-frequency power via the third 
microstrip line S 3 as the second input bias circuit. 
Therefore, even if the current- voltage characteristics 
greatly change when the current starts to flow towards 
the latter-stage transistor Tr 2 , the resistance value of the 
variable division resistance R 15 can be adjusted in 
accordance with the changes in the current-voltage 
characteristics, which can realize the high-frequency 
power amplifier whose gains and outputs do not 
change. 

(EMBODIMENT 10) 

The high-frequency power amplifier of a tenth 
embodiment of the present invention will be described 
as follows with reference to Fig. 11. Fig. 11 shows an 
MMIC which is composed of the high-frequency power 
amplifier of the sixth embodiment shown in Fig. 7 
mounted on a semiconductor substrate 8, where the 
same components as those of the first conventional 
high-frequency power amplifier shown in Fig. 15. as 
those of the first embodiment shown in Fig. 1, or as 
those of the sixth embodiment shown in Fig. 7 are 
assigned the same reference numbers, and their 
description will be omitted. 



As a feature of the tenth embodiment, all of the 
former-stage and latter-stage transistors Tr 1 and Tr 2 for 
high-frequency power, the first-fourth microstrip lines 
S r S 4 , the input impedance matching circuit 1, the inter- 

s stage impedance matching circuit 2, the output imped- 
ance matching circuit 3, and the positive voltage 
generation circuit 4 are mounted on the same semicon- 
ductor substrate 8. 

According to the tenth embodiment, the use of a 

io compound semiconductor substrate containing gallium- 
arsenic (GaAs) as the semiconductor substrate 8 ena- 
bles the MMIC to be formed in a chip having several-mil- 
limeter sides. 

In addition, positive voltage can be generated on 

is the semiconductor substrate 8, without drawing the 
input bias circuit of the transistor for high-frequency 
power out from the chip. Consequently, when the MMIC 
is put in a resin package, the number of the lead termi- 
nals can be reduced, which can realize a high-fre- 

20 quency power amplifier that is small and requires no 
setting of the input bias circuit. 

The tenth embodiment shows a case where the 
high-frequency power amplifier of the sixth embodiment 
is formed on the semiconductor substrate 8; however, it 

25 goes without saying that the high-frequency power 
amplifier of either one of the first-fifth and seventh-ninth 
embodiments may be formed on the semiconductor 
substrate 8. 

30 (EMBODIMENT 11) 

The high-frequency power amplifier of an eleventh 
embodiment of the present invention will be described 
as follows with reference to Fig. 12. Fig. 12 shows an 

35 MMIC which is composed of the components of the 
high-frequency power amplifier of the sixth embodiment 
shown in Fig. 7 mounted on the semiconductor sub- 
strate 8 except for the positive voltage generation circuit 
4, where the same components as those of the first con- 

40 ventional high-frequency power amplifier shown in Fig. 
1 5, as those of the first embodiment shown in Fig. 1 , or 
as those of the sixth embodiment shown in Fig. 7 
assigned the same reference numbers, and their 
description will be omitted. 

45 As a feature of the eleventh embodiment, all of the 
former-stage and latter-stage transistors Tr 1 and Tr 2 for 
high-frequency power, the first-fourth microstrip lines 
S r S 4 , the input impedance matching circuit 1, the inter- 
stage impedance matching circuit 2, and the output 

so impedance matching circuit 3 are mounted on the same 
semiconductor substrate 8, and the positive voltage 
generation circuit 4 is mounted on another semiconduc- 
tor substrate. 

According to the eleventh embodiment, the addition 

55 of the positive voltage generation circuit 4 from outside 
to the MMIC having a conventional structure can sim- 
plify the input bias circuit of the high-frequency power 
amplifier, and at the same time, can miniaturize the 
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high-frequency power amplifier. 

The eleventh embodiment shows a case where the 
components of the high-frequency power amplifier of 
the sixth embodiment except for the positive voltage 
generation circuit 4 are formed on the semiconductor s 
substrate 8; however, it goes without saying that either 
one of the positive voltage generation circuit 4 in the 
first-fifth embodiments, the two-output positive voltage 
generation circuit 5 in the seventh embodiment, the 
double positive voltage generation circuit 6 in the eighth to 
embodiment, or the variable positive voltage generation 
circuit 7 in the ninth embodiment may be formed on the 
semiconductor substrate 8. 

Claims is 

1 . A high-frequency power amplifier comprising: 

a transistor for high-frequency power which 
operates and whose current-voltage character- 20 
istics greatly change when positive voltage is 
supplied on an input terminal of said transistor; 
an input bias circuit connected with the input 
terminal of said transistor; 

an output bias circuit connected with an output 25 
terminal of said transistor; 
an input impedance matching circuit connected 
with the input terminal of said transistor; 
an output impedance matching circuit con- 
nected with the output terminal of said transis- 30 
tor; and 

a positive voltage generation circuit, 

wherein said positive voltage generation 
circuit comprises: 

a detection circuit whose input terminal is con- 35 
nected to an input side or an output side of said 
transistor, said detection circuit detecting and 
outputting part of high-frequency power to be 
entered to said transistor or to be outputted 
from said transistor ; 40 
a rectification circuit whose input terminal is 
connected with an output terminal of said 
detection circuit, said rectification circuit rectify- 
ing said part of the high-frequency power out- 
putted from said detection circuit and 45 
outputting pulsating positive voltage; and 
a smoothing circuit whose input terminal is 
connected with an output terminal of said recti- 
fication circuit and whose output terminal is 
connected with an input terminal of said input so 
bias circuit, said smoothing circuit smoothing 
the pulsating positive voltage outputted from 
said rectification circuit and outputting positive 
voltage, and 

outputs positive voltage which increases or 55 
decreases in accordance with an increase or 
decrease of said part of the high-frequency 
power detected by said detection circuit to the 



input terminal of said input bias circuit without 
intervention of a direct-current power supply. 

2. The high-frequency power amplifier of claim 1, 
wherein the input terminal of said detection circuit is 
connected with an input terminal of said input 
impedance matching circuit or an output terminal of 
said output impedance matching circuit. 

3. The high-frequency power amplifier of claim 1, 
wherein the input terminal of said detection circuit is 
connected with an output terminal of said input 
impedance matching circuit or an input terminal of 
said output impedance matching circuit. 

4. The high-frequency power amplifier of claim 1, 
wherein the input terminal of said detection circuit is 
connected with said output bias circuit. 

5. The high-frequency power amplifier of claim 1, 
wherein said rectification circuit is composed of a 
pair of diodes which are connected in reverse direc- 
tions and in parallel, said rectification circuit output- 
ting double pulsating positive voltage. 

6. The high-frequency power amplifier of claim 1, 
wherein said smoothing circuit comprises a capaci- 
tor and a variable resistance, and outputs positive 
voltage which changes in accordance with changes 
in a resistance value of said variable resistance. 

7. The high-frequency power amplifier of claim 1, 
wherein said transistor is either an N-channel MOS- 
FET, an NPN-type bipolar transistor, an N-channel 
MESFET, or an N-channel heterojunction FET, and 
has current-voltage characteristics which is a prop- 
erty of a normally-off type, an enhance-mode type, 
or other similar types. 

8. The high-frequency power amplifier of claim 1, 
wherein said transistor, said input bias circuit, said 
output bias circuit, said input impedance matching 
circuit, said output impedance matching circuit, and 
said positive voltage generation circuit are formed 
on a same semiconductor substrate. 

9. The high-frequency power amplifier of claim 1, 
wherein said transistor, said input bias circuit, said 
output bias circuit, said input impedance matching 
circuit, and said output impedance matching circuit 
are formed on a same semiconductor substrate. 

10. A high-frequency power amplifier comprising: 

a former-stage transistor for high-frequency 
power which operates and whose current-volt- 
age characteristics greatly change when posi- 
tive voltage is supplied on an input terminal of 
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said former-stage transistor; 
a first input bias circuit connected with the input 
terminal of said former-stage transistor; 
a first output bias circuit connected with an out- 
put terminal of said former-stage transistor; 
a first input impedance matching circuit con- 
nected with the input terminal of said former- 
stage transistor; 

a first output impedance matching circuit con- 
nected with the output terminal of said former- 
stage transistor; 

a latter-stage transistor for high-frequency 
power which operates and whose current-volt- 
age characteristics greatly change when posi- 
tive voltage is supplied on an input terminal of 
said a latter -stage transistor; 
a second input bias circuit connected with the 
input terminal of said latter-stage transistor; 
a second output bias circuit connected with an 
output terminal of said latter-stage transistor; 
a second input impedance matching circuit 
connected with the input terminal of said latter- 
stage transistor; 

a second output impedance matching circuit 
connected with the output terminal of said lat- 
ter-stage transistor; and 
a positive voltage generation circuit compris- 
ing, 

wherein said positive voltage generation 
circuit comprises: 

a detection circuit whose input terminal is con- 
nected to an input side or an output side of said 
latter-stage transistor, said detection circuit 
detecting and outputting part of high-frequency 
power to be entered to said latter -stage transis- 
tor or to be outputted from said latter-stage 
transistor; 

a rectification circuit whose input terminal is 
connected with an output terminal of said 
detection circuit, said rectification circuit rectify- 
ing said part of the high-frequency power out- 
putted from said detection circuit and 
outputting pulsating positive voltage; and 
a smoothing circuit whose input terminal is 
connected with an output terminal of said recti- 
fication circuit and whose output terminal is 
connected with each input terminal of said first 
input bias circuit and said second input bias cir- 
cuit, said smoothing circuit smoothing the pul- 
sating positive voltage outputted from said 
rectification circuit and outputting positive volt- 
age, and 

outputs positive voltage which increases or 
decreases in accordance with an increase or 
decrease in said part of the high-frequency 
power detected by said detection circuit to said 
each input terminal of said first input bias circuit 
and said second input bias circuit without inter- 



vention of a direct-current power supply. 

11. The high-frequency power amplifier of claim 10, 
wherein said rectification circuit is composed of a 

5 pair of diodes which are connected i n reverse direc- 

tions and in parailei, said rectification circuit output- 
ting double pulsating positive voltage. 

12. The high-frequency power amplifier of claim 10, 
10 wherein said smoothing circuit comprises a voltage 

division circuit which divides positive voltage into 
first positive voltage and second positive voltage, 
and outputs the first positive voltage and the sec- 
ond positive voltage to the input terminal of said first 
75 input bias circuit and the input terminal of said sec- 
ond input bias circuit, respectively. 

13. The high-frequency power amplifier of claim 12, 
wherein said voltage division circuit is composed of 

20 a plurality of division resistances including at least 
one variable resistance, and outputs the first posi- 
tive voltage or the second positive voltage which 
changes in accordance with changes in a resist- 
ance value of said at least one variable resistance. 

25 

14. The high-frequency power amplifier of claim 10, 
wherein each of said former-stage transistor and 
said latter-stage transistor is either an N-channel 
MOSFET, an NPN-type bipolar transistor, an N- 

30 channel MESFET, or an N-channel heterojunction 
FET, and has current-voltage characteristics which 
is a property of a normally-off type, an enhance- 
mode type, or other similar types. 

35 15. The high-frequency power amplifier of claim 10, 
wherein said former-stage transistor, said first input 
bias circuit, said first output bias circuit, said first 
input impedance matching circuit, said first output 
impedance matching circuit, said latter-stage tran- 

40 sistor, said second input bias circuit, said second 
output bias circuit, said second input impedance 
matching circuit, said second output impedance 
matching circuit, and said positive voltage genera- 
tion circuit are formed on a same semiconductor 

45 substrate. 

16. The high-frequency power amplifier of claim 10, 
wherein said former-stage transistor, said first input 
bias circuit, said first output bias circuit, said first 

so input impedance matching circuit, said first output 
impedance matching circuit, said latter -stage tran- 
sistor, said second input bias circuit, said second 
output bias circuit, said second input impedance 
matching circuit, and said second output imped- 

55 ance matching circuit are formed on a same semi- 
conductor substrate. 
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